A field trial was conducted through summer season of 2016 at Sakha Agricultural research Station Farm, Kafr El-Sheikh Governorate. The purpose of the study was to investigate the effect of four methods of land leveling (traditional land leveling, precision land leveling, ground surface slope of 0.05% and 0.1% as main plots and three irrigation water discharge (2.0, 2.5 and 3.5 L.Sec -1 m -1
INTRODUCTION
Irrigation water management is very important in Egypt due to shortage in water resources as well as the expansion of agriculture in newly reclaimed lands. Water supply in Egypt is limited to the average annual share of the Nile water at Aswan 55.5 billion cubic meter plus some minor quantities of ground water and rainfall. Much water is wasted and the irrigation efficiency is very low.
Numerous studies were carried out to enhance irrigation efficiencies to achieve the proper economic use of water. The good design of gated pipes with precision land leveling may improve the water distribution uniformity and save irrigation water by about 12 to 29% in cotton and wheat respectively (Osman, 2000 ,Abo Soliman, et al., 2008 and Abdel Reheem, 2017 .
Enhancement in irrigation practices lead to more uniform water distribution, soil and water conservation (sustainability), and economic viability of irrigated agriculture. Thus efficient On-Farm irrigation methods are necessary for increasing crop production per unit of water applied (Streilkoff et al., 1999; Bautista et al., 2009; Morris et al., 2015 and Anwar et al., 2016) .
To improve the performance of most surface irrigation systems through the implementation of optimal management practices such as using gated pipes, different precision land leveling and selection of correct inflow rates (Hassan and Elwan, 2016) .
Many authors and investigators i.e. Saied (1992) , El-Mowelhi et al. (1995) , Meleha (2000) and El-Shahawy (2004) stated that the 0.1% ground surface slope seemed to be more efficient than traditional land leveling in increasing the cotton yield and its components. The using gated pipes technique increased wheat yield by 6.5% when compared with the traditional one. Thus may be due to good condition of plant growth by regulating and controlling of water application to affect the soil water balance (Hassan, 2004) .
Application efficiency can be raised substantially, and deep drainage losses decreased equally substantially by the application of simple inexpensive irrigation management practices involving increased furrow flow rates and reduced irrigation time. Substantial reduction in deep drainage are possible by ensuring that irrigation applications do not exceed the soil moisture deficit (Smith et al., 2005) .
The aim of this research is to study the effect of different land leveling and irrigation discharge under gated pipes technique on cotton yields and irrigation efficiencies at North Nile Delta.
MATERIALS AND METHODS

Location of the studied area:
A field experiment was carried through summer season 2016 at Sakha Agricultural Research Station which situated at 31 o 07' N Latitude and 30 o 57' E longitude, middle Northern part of the Nile Delta region. It has an elevation by 6 meters above the sea level. The soil has a clayey texture; the average textural for this soil is 19.37% sand, 27.48% silt and 53.15 % clay Table 1 . The purpose of this work is to study the effect of different precision land leveling and irrigation water discharge under gated pipes technique on cotton yields and irrigation efficiencies at North Nile Delta.
Soil characteristics:
Soil samples were taken before planting of cotton from four depths namely: 0-15, 15-30, 30-45 and 45-60 cm, respectively, air dried, grounded, sieved and stored for physiochemical analysis. Mechanical analysis of soil was carried out using the pipette method to obtain soil texture. Soil bulk density and total porosity were measured using the core sampling technique as described by Campbell (1994) . Infiltration rate (IR) cm hr -1 was determined by blocked furrow infiltration before planting. Soil moisture constants i.e. field capacity (FC) and permanent wilting point (PWP) were determined by using pressure cooker method at 0.33 and 15 atmosphere (Klute, 1986) . Soil reaction (pH) was determined in 1:2.5 soil water suspension and salinity (EC, dS m -1 ) was determined in soil paste extract according to Page et al. (1982) . Some physical and chemical properties of the experiments soil are shown in Tables 1 and 2 . 
Experimental layout:
The current examination aimed to study the effect of different land leveling and irrigation discharge using gated pipes technique on cotton yields and irrigation efficiencies. The experiment was designed in a split plot with three replicates, where different land leveling (precision land leveling, 0.05%, 0.1% ground surface slope and traditional land leveling) were assigned to main plots, while water discharge occupied the sub plots; three water discharges (2.0, 2. 5 and 3.5 L. Sec-1 m-1of furrow width).
Description of gated pipes:
The aluminum pipes were used for the gated pipes system with length of 6 meter, 152 mm diameter, the orifice diameter is 37 mm and the space between each orifice is 0.75 m and the average pressure head ranging from 35 to 50 cm.
Studied parameters:
Giza 86 variety was used and cotton seeds were sown on April 10, 2016 and picked on Sept. 20, 2016.The different agricultural practices were done as recommended.
a. Boll weight (g):
The mean boll weight in grams of twenty five bolls were picked at random from each treatment.
b. Seed index:
The weight of 100 seeds in grams.
c. Earliness percentage:
Yield of the first pick/total yield x 100.
d. Lint percentage:
The ratio of lint to seed cotton expressed as a percentage using the following formula:
e. Seed cotton yield (kentar per feddan): Estimated as the weight of seed cotton yield in kentar/fed.
The yield of each treatment picked and the average yield per plant was multiplied by number of plants per feddan. All the allocated data for the yield and its components were exposed to the statistical analysis according to Snedecor and Cochran (1967) . Treatments means and significance of differences were calculated and presented using LSD according to Duncan (1955) . The discharge through an orifice was determined from the following equation as described by Brater and King (1976) 
-Irrigation efficiencies:
Irrigation application efficiency was attained by dividing the water stored in the effective root zone on the irrigation water applied (Downy, 1970) .
-Water distribution efficiency:
It was calculated according to James (1988) 
-Consumptive use efficiency:
It was calculated according to Doorenbos and Pruitt (1977) 
-Productivity of irrigation water:
Was calculated according to Ali et al. (2007) . 
PIW = Y/Wa
RESULTS AND DISCUSSION
Effect of precision land leveling and irrigation discharge on yield and its components: -Seed cotton yield: Effect of different precision land leveling and irrigation discharge on seed cotton yield (kentar per feddan) is presented in Table 3 .
Seed cotton yield was highly significantly pretended by all treatments. The obtained results show that ground surface slope 0.1%, slope 0.05%, and precision land leveling lead to increasing the seed cotton yield by 21.80, 15.12 and 5.15% compared to traditional land leveling, respectively. 
Concerning the irrigation water discharge treatments, data clear that irrigation water discharge had significant increase in seed cotton yield. The increase in seed cotton yield under 2.5 L. Sec -1 m -1 and 3.5 L. Sec -1 m -1 were 11.61 and 5.13% compared to 2 L. Sec -1 m -1 , respectively. The interaction between land leveling and irrigation water discharge did not induce a significant effect on seed cotton yield. These results cod be maintained by those found by El-Mowelhi et al. (1995b) , Meleha (2000) , El-Shahawy (2004) and Sonbol et al. (2007) .
These results may be due to the good distribution of irrigation water along the furrows.
-Yield components:
The obtained results in Table 3 show that land leveling and irrigation water discharge had highly significant effect on boll weight, earliness percentage, lint yield, seed index and lint percentage in the growing season ground surface slope 0.1% was the best treatment which resulted in the highest average values for boll weight (3.3 g), earliness percentage (70.93%), lint yield (60.43 kg fed -1 ), seed index (11.05 g) and lint percentage (36.52%), respectively. While, traditional land leveling resulted in a significant decrease in yield components compared to ground surface slope 0.1%, 0.05% and precision land leveling. These results are in agreement with those of Sonbol et al. (2007) .
Data reveal that, the highly significant effect tend to irrigation water discharge on boll weight, earliness percentage and lint yield. While, there is insignificant effect on seed index and lint percentage. The relative increase in boll weight (3.31 g) under irrigation water discharge at 2.5 L. It can be concluded that, the interaction effect between land leveling and irrigation water discharge are presented in Table 3 .
Data indicated that the all yield and its components were not affected significantly by different treatments.
These results could be confirmed by those obtained by Sonbol et al. (2007) .
Some water relations: -Amount of irrigation water applied:
The average amount of irrigation water delivered to each treatment is presented in Tables 4 and 5 Tables 4 and 5 show that the mean values of water consumptive use were decreased with ground surface slope 0.1% and 0.05%. El-Shahawy (2004) , ElMowelhi et al. (1995) , Sonbol et al. (2007) and Hassan and Elwan (2016) . -Water stored in the effective root zone (m 3 fed -1 ): Also, data in Table 6 reveal that, mean values of water stored in the effective rhizosphere were decreased by 16.40% and 5.43% with ground surface slope 0.1% and 0.5% compared to precision land traditional land leveling, while the lowest values was recorded from irrigation water discharge at 3.5 L.Sec -1 m -1 since it was (2465.93 m 3 fed -1 ) under 0.1% ground surface slope. While, the highest value is obtained from irrigation water discharge at 2 L.Sec -1 m -1 which it was (2586.10 m 3 fed -1 ) under traditional land leveling. Results are in convened with those achieved by El-Mowelhi et al. (1995) , Meleha (2000) , El-Shahawy (2004) and Sonbol et al. (2007) .
-Water application efficiency (%):
Presented data in Table 6 show that the mean values of water application efficiency were affected by land leveling with regard to irrigation discharge, the highest value was achieved with 0.1% ground slope. Data presented in Table 6 show that the mean values of water distribution efficiency were greatly affected by land leveling and irrigation water discharge. The highest percentage (83%) was realized with irrigation water discharge at 2.5 L. Sec -1 m -1 under 0.1% ground surface slope, respectively. Also, the lowest percentage (74%) was recorded with irrigation water discharge at 2 L. Sec -1 m -1 under traditional land leveling. -Water productivity (WP) and productivity of irrigation water (kgm -3 ): Data in Table 6 show the different land leveling and irrigation water discharge on water productivity and productivity of irrigation water. The mean values for WP and PIW were increased under ground surface slope at 0.1% and 0.05% and irrigation discharge at 2.5 L. Sec -1 m -1 . The increasing for WP and PIW might be due to the decrease in the amount of water consumption use and water applied under traditional land leveling and irrigation water discharge at 2 L. Sec -1 m -1 , respectively. 
-Consumptive use efficiency (CUE, %):
Consumptive use efficiency is a parameter which indicate the capability of plants to utilize the soil water stored in the effective root zone. Data tabulated in Table 6 show that the highest values of 81.31% was recorded irrigation discharge 3.5 L. Sec -1 m -1 under ground surface slope 0.1%. Therefore, by reducing the applied water, the higher amount of irrigation water could be beneficially used by growing plants. On the opposite, the lowest values of ECU 60.53% was achieved by irrigation discharge 2 L. Sec -1 m -1 under traditional land leveling. It is noticeable that from the obtained data values of ECU increased with increasing both of water discharge and ground surface slope 0.05 and 0.1%. This finding is somewhat agreed with those obtained by El-Mowelhi et al.(1995) , Sonbol et al. (2007) and Abo Soliman, et al., (2008) .
